The optimisation of the volatile release of two commonly used flavour compounds (Isoamyl acetate and Furfuryl acetate) from a food emulsion model system was evaluated using Response Surface Methodology (RSM). 27 random order settings were established using a Central Composite Faced Centered experimental design (CCF). The main and combined effects of four independent variables; concentration of Isoamyl acetate (50-90 ppm), Furfuryl acetate (20-30 ppm), salt (NaCl) (0.1-2 %) and pH (5-7) on the responses were examined.
INTRODUCTION
In recent times, chefs, culinary experts and food processors have become interested in the intelligent design of foods with optimal flavour characteristics (Roberts & Taylor, 2000) .
Flavour is considered as one of the most important attributes determining the acceptance of food by consumers (Clarke, 1998) . Therefore, information on the effect of the characteristics of food matrices with respect to flavour volatile release is vital. The production of foods/dishes in a kitchen or in a food manufacturing plant involves manipulation of the many physiochemical characteristics of the product which can influence the release of volatile molecules during gustation. For example, many foods contain significant levels of added sodium chloride (NaCl) both to deliver flavour and act as a preservative (Mitchell et al., 2011) . Sodium chloride concentrations will have a significant influence on the ionic strength of a food which will in turn influence the solubility of flavour compounds depending on their hydrophobicity (Rabe et al., 2003a) . In fact, the practice of "salting out" is a well known technique for increasing headspace concentrations of hydrophobic volatile molecules prior to separation and quantification by headspace gas chromatography (Guichard, 2002; Pérez-Juan et al., 2007) .
The pH of a food matrix can have a strong influence on the ionic state of volatile aroma compounds contained therein and therefore influence their concentration during gustation (Reineccius, 2005) . The physiochemical behaviour of small molecules such as flavour PDF Creator -PDF4Free v2.0 http://www.pdf4free.com
Most foods are highly complex systems, however, many can be characterised as emulsions, i.e. dispersed systems of oil and aqueous phases (McClements, 2005) . Emulsions are an important class of food colloids and a wide range of products can be classed as emulsions or consist of emulsions such as salad dressings, ice cream, cream liqueurs or soft drinks (Schramm, 2005; Guzey & McClements, 2006) . The solubility of flavour compounds in the phases of the emulsions has a determinantal role in the behaviour of the flavours in the matrix and will have an over-riding influence on their sensory perception (Landy et al., 1998) .
Flavour compounds are often added to the formulations of complex foods to impart characteristic flavours. For example, Isoamyl acetate is one of the most employed flavour compounds in foods (74,000 kg per annum) because of its characteristic banana flavour (Yilmaztekin et al., 2008) . Also, Furfuryl acetate is another flavour compound frequently used in foods as a flavourant (Burdock, 2010) . Even in a simple model food system a vast array of factors can influence volatile flavour release therefore many studies employ the use of response surface methodology to reduce the number of experiments required to optimise extraction conditions (Mirhosseini & Tan, 2009; Cheong et al., 2011; Ribeiro et al., 2011) .
In the present study, response surface methodology (RSM) was used to (1) model and optimise the conditions (pH 5-7 and salt concentration (NaCl) 0.01 % -2 %) leading to maximum flavour release, and (2) to study the main and interactive effects on banana volatile Compounds were quantified by reference to external calibration curves constructed using the same authenticated standards and expressed as parts per million. The standard curve had an R 2 value of 0.996 and 0.976 for the Isoamyl acetate and Furfuryl acetate respectively.
Experimental Design
In this study, a RSM approach was employed to (1) study the main effect and combined effect of these independent variables on response variables, (2) The volatile release of each flavour compound was expressed by the peak area recorded by using GCMS. The concentration of each volatile in the headspace above the emulsion was considered as response variables in the present study. This was calculated by comparing the response for both the volatiles to that of a standard calibration curve. Table 1 
Where Y 1 is the predicted response, x 1 , x 2 , x 3 and x 4 are the independent linear variables, x 1 2 , x 2 2 , x 3 2 and x 4 2 are the independent quadratic variables and x 1 x 2 , x 2 x 3 , x 2 x 3 , x 2 x 4 and x 3 x 4 are the independent interaction variables. In the model, â 0 is the intercept term, â 1 , â 2 , â 3 and â 4 are the regression coefficients for the linear effect terms, â 11 , â 22 , â 33 and â 44 are quadratic PDF Creator -PDF4Free v2.0 http://www.pdf4free.com and data was reported as the mean ± standard error (SE). To determine the significance of a model parameter, the t-student test was used. Differences were considered to be statistically significant at p 0.05.
Validation of Optimal Conditions
The adequacy of response surface models for predicting the optimum response values was verified by conducting experiments under the recommended optimum conditions. The experimental predicted values of the responses were compared in order to check the validity of the models.
PDF Creator -PDF4Free v2.0 http://www.pdf4free.com 
RESULTS

Fitting the Response Surface Models and Repeatability
Regression analysis was carried out to fit mathematical models to the experimental data.
The regression coefficients and analysis of variance of the coded independent variables are presented in (Bezerra et al., 2008) . Although the lack of fit Pvalue was non-significant (p 0.05) for Furfuryl acetate response (Y 2 ), the regression P-value was also non-significant (p 0.05), thus the mathematical model might require slight improvements.
The repeatability was determined to check the precision of the method. The repeatability of the experimental procedure was evaluated by calculating the relative standard deviation percentage (RSD %) of three replicates for each experimental condition (Table 1 ). The average RSD % values for the responses were slightly above the acceptable level of 5% PDF Creator -PDF4Free v2.0 http://www.pdf4free.com 
Validation of Optimal Conditions
The optimal conditions for the targeted responses were generated by the Modde 5.0 software (Table 3) . At optimal conditions (Isoamyl acetate 90 ppm (x 1 ), Furfuryl acetate 30 ppm (x 2 ), salt 2 % w/v (x 3 ) and pH 6.018 (x 4 )), the predicted values were 326.41 ppm and 811.34 ppm for Isoamyl acetate (Y 1 ) and Furfuryl acetate (Y 2 ) release from the emulsion respectively. HS-SPME GCMS analysis was carried out at the optimal conditions to verify the model. At optimal conditions, the product contained Isoamyl acetate (273.75 ppm) (Y 1 ) and Furfuryl acetate (593.58 ppm) (Y 2 ), which was within the error ranges. PDF Creator -PDF4Free v2.0 http://www.pdf4free.com effect that Furfuryl acetate concentration had on the Isoamyl acetate volatile response could be a result of competition between the volatiles for space on the SPME fibre. It was found in previous studies (Matich et al., 1996; Murray, 2001; Howard et al., 2005) , that volatile compounds exhibited competition for extractions sites on the SPME fibres. Higher molecular weight compounds can have the tendency to displace those with lower molecular weights, thereby causing inaccuracies in the relative amounts of analytes present, especially with fibres coated with PDMS. This may explain why an increase in concentration of the higher molecular weight compound Furfuryl acetate resulted in a decrease in the lower molecular weight compound Isoamyl acetate being absorbed onto the SPME fibre. Similarly, the lack of a significant effect (p 0.05) of pH on the responses may be due to the narrow range of pH selected. This experimental range was selected to fit in with the context of the work being undertaken. Food products such as cream sauces and dressings would be expected to have pH levels within ranges that would be considered tolerable for PDF Creator -PDF4Free v2.0 http://www.pdf4free.com
The perception of flavour and aroma volatiles in foods is influenced by the solubility of volatile compounds, which subsequently can be affected by the level of salt present in a food (Mitchell et al., 2011) . Salts are often added to aqueous samples to increase the concentrations of the aroma compounds in the vapour phase (Guichard, 2002) . The addition of salt to foodstuffs results in the decreased availability of water molecules for the solubilisation of flavour compounds, thus, an increase in flavour release from the food product into its headspace, consequently an increase in perceived flavour concentration during consumption (Rabe et al., 2003a; Flores et al., 2007) .
From an analytical point of view, dissolution of salt into the sample matrix is a simple way to enhance the partition coefficient into the headspace of the volatile compounds due to the 'salting out' effect in headspace analysis (Steffen & Pawliszyn, 1996) . According to the results, salt concentration had a pronounced effect on the release of Isoamyl acetate from the emulsion. An increase in salt led to an increase in overall extraction yield of Isoamyl acetate from the emulsion (Figure 3 ). It would be expected that the addition of salt to the emulsion, increased the ionic strength of the solution, which subsequently decreased the solubility of the hydrophobic compounds in the aqueous phase, thereby increasing the partition coefficient of the volatile compounds (Rocha et al., 2001 ).
Similar observations were also reported in previous studies (Mirhosseini et al., 2007; Cheong et al., 2010; Cheong et al., 2011) , where extraction efficiency increased with addition of salt. Mirhosseini et al (2007) observed that average total peak areas improved by 47 % to PDF Creator -PDF4Free v2.0 http://www.pdf4free.com effect salt on the extraction efficiency of volatiles from a matrix from a purely technical point of view, with a goal for extracting volatiles qualitatively, hence, much higher levels of salt were investigated (0-30 % w/v). In the present study, the model system was based around common food emulsions, such as cream sauces and dressing, therefore, human consumption was considered, and so salt content in the relatively narrow range of 0.1-2 % was investigated. The use of concentration above this level would have made the emulsion unacceptable from a sensory and product development point of view.
Modifying food flavour is a long standing practice, chefs, culinarians and food manufacturers aim to produce food products that are flavoursome and that maximise the enjoyment provided through the sensory experience for consumers. The way in which flavour components modify the perceived flavour of food has advanced from a stage of simply awareness of the situation, to an understanding of the interactions involved at a qualitative and quantitative level (Taylor & Hort, 2007) . From a practical point of view, optimising the release from the food matrix of two flavour compounds that are strongly associated with positive fruity notes in foods can be a method of enhancing flavour perception. The perception of aroma and flavour is dependent up on the concentration and odour threshold of the volatile compounds present in the food (Guichard, 2002) . Thus, finding the optimum concentration of volatile compounds for maximum flavour release is a crucial step in the development of flavoursome food emulsions, which are an important class of food colloids.
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